DIALOG(R)File 351:DWT WPI 

(c) 2000 Derwent Info Ltd. All res 

AA- 00-062012/200005 I 
XR- <XRAM> C00-017125I 

AU- <INVENTORS> FELTS J, Lorain 

UA UG UZ VN YU ZW ES „ FR GB GH GM GR IE IT KE LS 

<DS> (Regional): ^ g^. sz UG ZW I 

MD MG MK MN MW MX NO NZ PL PT RO RU 

07 VN YU ZWI „ nv . ri . ES; pi; FR; GB; GH; GM; GR, it, 

- « S£! SL; ,,; ° s ' 

M - <PS> "i^teSS^- Ml „ ln ^conductors .s Oi.l.ctric fiU 

^ ■ i j r,rDrnr<;ors . I ^ n^ni-i rondactor or 


AB- 


1 a vers nave xuw wj. ; 

organosilicon precursors . I ielectric fUm on a semiconductor or 

<BASIC> DETAILED DESCRIPTION^ ^elec^ , comprlseS : 

'""fat In" inorganic backbone structure; JJ* structure to form 

b organic side groups attached to the ^*bon a fiiltl having 

. hy ffid°of inorganic -d organic , t-als^P^ & ^ loss of 
a dielectric constant of in nit rogen. 

* 6SS INDEPENDENT CLAIMS are als f 0 n a semiconductor or 

DA method of fabricating * delect* consta nt, comprising: 

( ii) depositing the dieiecti 
by chemical vapor deposition; and constant film on a 

V (2 ) Method of depositing a low oi chemica l vapor 

semiconductor or integrated circuit by p 

deposition, comprising: within the process chamber, 

m oositioning the substrate i t the chamber, 


(iv) 

USE - The j-j-xm -~ j 
formed of multiple layers <£« 

situ either atop and/or below ™ struc ture is formed in a three 

Preferred Structure: The bac *°°^_ 0 _ si or S i-N-Si by plasma 
^menslonal, "- sl os Kf o r^Va Kbone structure may include cyclic 
chemical vapor deposition. 


PPT — tatemationil Bureau 

FU 1 T, iKinPR THE PATENT COOPERATION TREATY (PCT) 

(51) lnurnation.1 Patent CUsiflcaUon : 


B32B 9/04, H05H 1/24, C23C 16/00 


Al 


SSif--— WO 99/55526 

(43) mum.*,,-. P^tfon^t^^ 


WWB -»|W« 15 Apri. .999 (.5 04.99) 


(30) Priority Data: 
09/067,704 


28 April 1998 (28.04.98) 


US 


ley, CA 95066 (US). 

bhcf Peter 1095 Middleton Drive. Boulder 
(72) Inventors: ROSE^ Peter ™ £ 123 Sunset 

Calhoune Street, Alameda, CA 94501 (US). 
Francisco. CA 94111-4.87 (US). 


ZW). Eurasian patent (AM, A£ BY KO. ^ 

5 S S. CI. CM, GA. ON. GW, ML. MR. NE. 
SN, TO. TG). 


Published . , 

With international search repon. 





(54) Title: LOW k DIELECTRIC 



.— i-TO 


MP 


(57) Abstract H disclosed, wherein said dielectric 


AL 
AM 
AT 
AU 
AZ 
BA 
BB 
BE 
BF 
BG 
BJ 
BR 
BY 
CA 
CF 
CG 
CH 
CI 
CM 
CN 
CU 
CZ 
DE 
DK 
EE 


Codes used to identify 


Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central Afrtcan Republic 

Congo 

Switzerland 

COte d' Ivotre 

Cameroon 

China 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 


FOR THE PURPOSES 
States party to the PCT on the front 


Of INFORMATION ONLY 
pages of pamphlets publishing 


inte 


mational applications under the PCT. 


ES 

Fl 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 
KE 
KG 
KP 

KR 
KZ 

LC 
LI 
LK 
LR 


Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 
Japan 

Kenya 
Kyrgywtan 
Democrat* People's 
Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sn Lanka 

Liberia 


US 

LT 

LU 

LV 

MC 

MD 

MG 

MK 


Lesotho 

Lithuania 

Luxembourg 

Latvia 
Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 


ML 

Mali 

MN 

Mongolia 

MR 

Mauritania 

MW 

Malawi 

MX 

Mexico 

NE 

Niger 

NL 

Netherlands 

NO 

Norway 

NZ 

New Zealand 

PL 

Poland 

FT 

Portugal 

RO 

Romania 

RU 

Ruts tan Federate 

SD 

Sudan 

SE 

Sweden 

SG 

Singapore 


SI 

Slovenia 

SK 

Slovakia 

SN 

Senegal 

SZ 

Swaziland 

TD 

Chad 

TG 

Togo 

TJ 

Tajikistan 

TM 

Turkmenistan 

TR 

Turkey 

TT 

Trinidad and Tobago 

UA 

Ukraine 

13G 

Uganda 

US 

United States of Ann 

uz 

Uzbekistan 

VN 

Viet Nam 

YU 

Yugoslavia 

zw 

Zimbabwe 


0 



35 


PCT/US99/08246 

WO 99/55526 

niF.LECTRIC INORGANIC/ ORGANIC HYBRID F!LMS AND 
LOW K DIELECTRIC- '^ ETH0D 0F MAK ING 

nnnnrTin ; rHV' ;tJTiriN 

, „„ relates to materials havtng low dteleetnc constants. More 

, r ::;r: r ta ^ » ***** *«* - — *- 

and a method for making the same. 


E NTTON 


. - challenges for the microelectronics industry in the coming 

-»-"^ semiconduaoIs . Suth ^ provide eiecica, tsolat.cn 
of toKg rated - ^ ^ , ayH ^ fita s are 

between -"^^ {Mffires ^ formin8 aelecme fibr. it U impo». 
gen eraUy used to tsoiate device m. ^ ^ ^ 

4 „ Electric films become more ngorous. When the cnuc 
2 SZL dieleeme conaan. (k ) ofthe dielecric materia, acutr« 
„ less than 0.25 ^ ^ ^ 

°° ^™ dlases Tnese lends increase me RC delay ofthe circutt. 

space ben.een the* *«- * ^ ^ ^ ^ ( „ 

**" "tL eTH-c constant by modify** or us.n 8 different dielecntc 
y I,:: — deUyKasade^er.^ffectoomespeedormedevic^cH 
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♦ m „hile nhones and other devices. Reducing the 

r:rr- r . — - . — - - — 

Thus it i, highly desirable to reduce the RC delay of the dev.ce. 
Thus, it is higmy al , compnsed 

Current*, devices , reblive , y Mgh ^rric constant at 

• Hnrtor industry to develop the next generation of devices. 

5 .j;:— is. 

, the dielectric constant of the film. Stable fluonne doped Si0 2 formed by p 
lower the dielectric cons significantly lower k 

CYD typically has a dielectric constant of 3.5 to 3.7, however, gm 

values are desired. ^ , ow k films is the deposition of highly 

crosslir^ed fluorocarbon films, commonly referred to as ™ 

, , _ ^electric constant of the more prormsing versions of such films h 
carbons. The dielecm ^ ^ ^ ^ for 

=i™rr- - - - — — 

polymers are noi j . stan dard processing 

,, v thennallv and d mensionally unstable at sianum r 

P ° lymOT " 8 rltTo -C. While Uiese mateHals have been — fot 
25 conditions of about 400 to damascene 
embedded structures, as a rule Ihey are not suitable for full suck gap 

"'"Lose of the disadvantages of spin-coated powers, vapor phase 

„ has been expired as an alternative method for the preparation of low 

, i,ne F foox-F) Parylenes have k values ranging from 2.3 to L 
N (ppx-N), and parylene F (ppx f ). 
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^ a* thus a«ac,ive as low dtelecmc matenals for use in tntegmted =,rcu,ts. However. 
..eparylenes.ha.havebeenprepared^areexhibnpoor.hennalsubm.yas-pp, 

N- expensive as with ppx-F, or have issues with mechanical stability. 

T„ date, advanced low k materials have no. been successfully employed trt the 
5 ^conductor Indus*, As such, mere is co„unue4 Uteres, ,n the 

materials, as well as methods for their fabricate tha, have low k values, h.gh utemtal 
rllity, are M ,y manufacture and result in reliable devces ma, are cost effecttve. 

nn , r n - s .Mn« n l n,iiiFTnrTHF" JWOT '" N 

Accordingly, it is an object of ft. presen, invention ,o provide a dtelecmc 
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material having a low dielectric constant. 

More particularly, it is an object of the present inventton to prov.de a d,le=h, 
fi un comprised of an morgaruc/orgaruc hybrid matenal having a low dielectnc constant 

„d good thermal stability for us. i. s^uconductors and integrated c— 

Momerobjectofmepresentmvehdonis^employprecursorsoforganosmcon, 

such as siloxar.es, » form an inorganic/organic hybrid dielectnc matena! having a low 

:tr;i ^ -«* * - in — «- 

Tlrther object of me presen, mvenUon ts ,„ provide a memod of deposttmg 
a dielecmc layer for use in semiconductor and in.egra.cd circuit ***** havtng an 
morganic/organ* hybrid ma.er.al whh a low dtelecmc constant. 

These and other objects and advantages „ achieved by an unproved M*nc 
ftlm of me preset invention, havtng a low dtelecmc consun,, forme, as a fthn ma 
Lndu Ir and/or mtegrated crcui, and comprised of a combmatton of morgue 
ITgarnc fcnctionality. More specify, the fihn is forme, of a backbone ^ucmre 
anaor&<uuu attached to the backbone 

made substantially of Si-O-S, and orgamc stde groups attached 
stro c»re ,„ an alternative embodiment the Him is formed of a backbone struck 
made substantially of Si-N-S, groups and orgaruc stde groups atuched to the backbone 

Tn another embodiment of the presen. invention, organosilicon precursors are 

0S ed .0 form a d,electnc film for use in semteonductors and/or integrated o,rcu,.s 
used to lorn. q c 

having a backbone comprised of substantially Si-O-S. or N gr P 
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r ,„ a sem,»»d«or and/or tasted circuit by chenncal vapor 

SSL - — * - - «- — - 

• ^ The method comprises the steps of forming a 
-..y below each low k ««* layer . form ft. -»d fun, 


BMEEBESCmmON OF THF, T)JL ~ 

0te objects and advaroages of *e invenrion become apparen, 
of ,e led dU-ion of *. — P-ided below and upon reference - 


drawings, in which: accordance with one 

Fig. 1 is a schematic drawing of the structure of the film in accor 

embodiment of the present invention. 

Fig. 2 is a schematic view showing an example of a reactor that may 

carry out the present invention. nfa film in accordance with one 

Fig. 3 isaFTIR scan showing the composition of a film in accord 

embodiment of the present invention. 

Fig. 4a is a table illustrating FTTR peak ranges and their assignm 

to the literature. , in 

Fig. 4b is a table showing one interpretation of an FTIR plot 

accordance with the present invention. 
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Lowdl elecmcconstant(K)^sf ^ ^ ^ ^ 

roe thod of fabrication, are provided- & 

. ... „ used interchangeably ana iyp / 

«— • T 0 " .v«y low dilute constant" C*> * 

constant of less than 4.0. The te ^ Acc(jrdjn6 , 0 lhe 

pr esent invention, low k and * ^ ^ 

combination of inorgamc and org P ^^gen, carbon 

****** «- 2~ carbon and ftuorine. 

md hydrogen; o, /'''"^ ^ * Organic P oups. The 

The structure of to Ob. U - — * » , ^ mam, 

Prefer, to Bint » ^ „ fte backb0 „, to an 

inorganic Si-O-Si g-oups. - ^ s<Ma ntia, „ 

«*•*"* <■» Sto " f<OTKl **. ^ „ „ backb one snucture. Most 

preferably to backbone is present in a thr ^ ^ ^ 

6 ,oups connec,ed by morgan* *« » ^ ^ ^ ^ 

structure such as » ball, cube and the Ida) ana 

*^ CC "X?a»dcb,n groups. 

atlactoJ ,o eitor, or both * to* ^ rf , series of siloxane 

chains (no cychc groups) with 8 ^^.enerallycomprisedofcarboncharns. 
^ The organ, stde ^ from to *oup — - 

MOrt ^rli tyLlns, and altphatic, olefin, and aroma,, 

a „ p „a„. olefin* and Aromatic ' ^^^.^ 
„„orocaAons. The side groups do no, have J £ ^ side ^ps a,« 

— " ^Tl^rrioride^groups. 
compnsed substantia^ .-WW ^ > ^ ^ ^ ^ . ^ 

Ref5rt " 8 on i'stol .Is «ampU to nng ana chatn suture . 
of the present invention is shown. 


30 


PCT/US99/08246 

WO 99/55526 


-6- 


5 


10 


15 


20 


i_- u ;„ thU ftxamole is comprised of four 
, • cthpr.vclic component which in this exampi 

Sb0Wn ' ""^ Igs aTconJcted by inorganic chains. The chains may vary m 
silicon a,om, The - As shoml backbone of 

W*, and ,n ft. examp e the *. ^ ^ ^ 

structure is comprised of S.-0-S, cychc nng ^ 
„ attached to both the ring and chain groups, and ,n thts examp 

^ are ^dom networ, — ag,n to Kg. >. only 

Toe of the film . ^ ^ may 

a portion of the n.m ,s s o»n. ■ rf ^ rf aboye . 

— -0 - 7; nlm ,s h, ft. range of app— y 
General* ft. ra«.o of stltcon o «*. ^ ^ ^ ^ 

0 25 1<o4 ; l. The density ofsmconm the *amgro p 

, s estrmated ,0 be in ft. «~ * ™ 1 . mven „ on „,„ have 

fc *e preferred embody >he low k aim o«* pre ^ 

asrracmrecomprisedofcyclicand changes. J ^ 

cionificant advance over the pnor art films, ine 
^oups proves a stgmficant^ ^ ^ fita , wh ich lowers 

the dielectnc constant of the ffl^F ^ ^ ^ 

.eC-C bondmg ^7-*^ ^al stabihty of the ,1m at 
fllm without significantly adversely ftecUng ^ ^ ^ 

temperatures of 450C. As shown m Fig. 1 there 

bonding. . . hibit desirable dielectric 

w^nrpd bv the present invention exmon u 
The films produced by the p ^ dielectric constant of the film 

v.-i. ™intaininR good thermal stability. The oieiecui 
constants wble mamtairung g . n ^ ^ of 

aPPr0XimatCly C 0 ^ thermal stability as measured by weight loss 
a dielectric constant of 3.0 exniDug 

, o/ s hours at 425C in a nitrogen environment, 
of less than 1% per 8 hours orga nosilicon 

T0 h "" sw ^^^.^"1^ iha. contain an organostlicon 

u ^ . .ci f*fc* invention: 


Ulowmaybeusedtoformftefilmofthetnvention. 
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R,Si(OSi) 


„ •, ni o4 .heorganosiUcon m ayb=Un e arorb ra nchcd; Xis 
wtee „ is 0 ,„ ( 2m+ 4,., . * and R is — - <* 

selected form the group ^ ' | hy<tocalb(>n s, and abphatic oleftnic 

~-r ot itrr— — — — ; 


organosiloxanes of the formula: 


R T ,(SiO) in X ( j B . B) 


, ■ , to 10- X is selected from the group consisting of H and the 
l5 halogens; andR , sel^ ^ ^ above . 

1S comprised oforganosilazanes of the formula: 


R^SiCNSi) m X (JBH ^) 


M ^ "CtT — n, or the — *e org— precursor , 
eompnsedofcydicorganct^ofdteformu., 


(SiN) m X (3m . D) 


30 n , • m is 3 to 10- X is selected from the group cons.stmg of H and th 

where ni.0 to 3m. mis 3 to . f aliphalic , olefmic and aromanc 

halogens; R is selected from the group coiunstmg 
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Thus, suitable —*■« 10 mVen " OTgan0 silazanes. 
flu „rosila^es, cyclos,lazane, siUcate, TEOS^ T ^ ^ ^ 

C 6 F 5 , -CF 2 CF 3 , andC-H 2 CF 3 . u> a f or erneimoned 

couU — <— — - z L *«* - - <** 

precursors, for example a mature of. sdane, 

precursor are also suitable. for mintaizmg fte 

ft.gmenW.on of the precunor, P ^ ^ ffl 

fi ta . Thus. precursors- components tha, form ^ ^ 

Uclcbone w,th organic side group, .may tepr esen. 

invention, « is preferred «P° my ^ be used. The 

CVD reactor. PluoHne sub*^* * d ^ of or8 _ iUMn 

precursors that are su,tabl. acoordurg e ^er organosihcon 

(HMDSO). U.3.3-.— be ^ ^ materials 

precursors such as ""-^^J^ 
m en,,n.d are generally in.xpcns.ve - »-* ' 

~ — ^^on having. he ,ng and 
cham structure is formed by cyclic org ^ qx ^ 

fluo.ne — ■ y c|0S „ Mffies s „ch as oc^ethyicycio.errasiiox.e 

cyclic organos.ucons mclude. y ^ ^ ^ 

(0MCTS , hexa methyl ^^TS^ «■* 
cyclo ...rasiloxane, 1, 3*» J „f chemicals ria. creare dre s^e 

— ^osilazan. pr.cu.ors may also be used, 

chemical components a above. Organo mii0 ^ e (0 MCTS). 

Most preferably, the precursor is octametny y 
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• f nortimlar advantage because as stated 

— «" — ' r ° t : l gpan oflhes—fth. cyclic precursor, 

—» ° f Prt T Id 1" slle is a mree to— — * 
,he flta is formed with a nng and chain stm 

This three dimensional network stricture reduces the density 
5 structure. This three mine the thermal stability 

o^-ramMstmpo-uonote— 
is typically referred to herein as 3 nng. any tnr 

such as a bal. or cube stricture. ^ 
F — It — edintwoways. 

eases can be aaaeu wuiv^ reactor. For 

C Fi , Sif . and me like. Second. 1— precursors can b, added »^ 

exlnple, 

15 mixedwimlinearorcyclicorganosmconsororganosi.azanes.oform 

. , ^electric films for the semiconductor industry, the present 
To fabneate low , ^ flml ^ of both 

Mention provides a method of d^o m ^ ^ 

l " ' ' ^ d w Jch is a method of depositing a film that retains, ,n P-. 
25 „ ^proved C« J* ^ ^ precureor „ cycli c in nature, the 

pi— ^ . ** - — -« •«» -7 

mm «es low k properties in the deposited film. 
' "f asma C^D reactot, may be used to practice the present invention. 
AvanetyofptomaC h Fig . 2 is ^toyed to 

In an exemplary embedment, a reactor a 
ueposi, the Aim of me present inventto, As shown in F,g. fh. 
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h mber 10 and a process chamber 1 1 . The plasma chamber 10 includes a 
plasma chamber 10 and a p ^ 

plasma source 12 for coupling energy, rangmg 

u ^K^r 1 o to excite a gas into a plasma, in trus iuu&ua 

1 3 ,n, ° ,he p r- ^ — - *- — ,o - 

L 1 that vanous types of pUama sources tnown in art n»y be - - — 

aP ' Mm l substrate ,4 is piaced on a support at. * P-*- ^ 
k n •n.esuooort^mayb.biasedbyappUcauo.ofpowerttought.f. and/or 

3 d.c. genera exemplary embodiment, the 

1 1 are evacuated through port 22. To form a mm u 

, are injected into the process chamber 1 1 via gas inlet line 24. 
chemical precursors are injected in P ^ ^ ^ 

a H-mativelv the precursors or other gases may uc j 

1 26 If the organost.icon precursors according «= *c present »— 
, 0 ^ gas tnle 26. >f the ° * ^ „ qaid „ paKed ^ . 

5 XTCc ursoU to «s — into <he chantber U. 

.tough a bubbler. Also, diluent gases and/or oxtdtzmg gases may 

. "'"ri^.s^edin^.^.ep^asoutcepa.^.on.es 
. ™ „ is itnponan, *a. *e plasma condiuons be eonwued tn such a 
"ITthe ™ i> - «» rented not overly oxtdtzed. This ts ut 

' uo II CVD processes where one generaUy wants » *. 

direct contrast to pnor an ^ v ^ , f 

p _or as much as posstble when ^^J^T-- 


film. 
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mav be a tingle chemical, or alternatively, a plurality of 

"o » - — - - — - is - 

• ™„,i,tions and the system configuration, 
processing conditions anu mc j . t rior ^ 

,, w *ases are not added to the system m contrast to pnor an 

■ tum uads to films with higher dielectric constants. Conversely, the 
Te l £ en found in some cases to have a dramatically reduced impact on the 

. A further may enhance the thermal stability of the film. 

° — - *~ • — - - - 

, „„ The factors of most importance are the powe, and pressure of 
I' ^ now rate, - Ore ox yg en t o or g anosil.c„n „ow rate 

1 0 rC«on«.e«ype and des* of the reaclor used. Man 

exemplaryembotoentof f2001o20 ,ooow/tf. Theproeess 

and ihe excitation is at a power density in the rang 

„v™. are strongly a function of the precursor employed and the design ™ 
coudmons are sfrong y ^ ^ ^ 

reactor. For example, in the case oi a P 

««. films and higher powers produce more thermally stable films. 
20 produces organic films and higner po v 

^ h\ah the film becomes Si0 2 ' LlK:e mQ u 
SXdUU0 " C .I — Power ts too low then the Iherma, stability will >e 
becomes loo high. » or ^ ptoa chemUtIy te „„, 

-^7^^ ^.dersomecire— ocreateundesirahle 
been properly determined, it is possiote ut> 

in ,he funs Under such conditions peaks associated with Si-OH have 
" T S 1 ^ectra and me dieleclric constant is higher man desired. Also. 

'! of JxTw .1 va^ depend*, on Ihe reactor -d process condinons used. For 

example, th P ^ ^ ^ of ,„„ or8anosll , co „ 

ic\ conditions, such as the rt power, piw 

1 Too much oxygen will result in a film that is a SiO.like material. Too little 
precursor. Too much oxyg ^ M 

oxygen generally results m a film with more orgaru 
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grou ps ,n the film suchas « tocribe4 u wm be mimiwi „ those 

^ I", — 1 of — may be emp.oyed .o *** «" «* 
sM1 ed u> .he art tot d.ffere„, typ ^ ^ ^ opmB 

.f*. prcsen. — For example. C or a , lw pressure cond,..ons. 

ta . ^ma, CVB system *. "J^ ^ „ f me osid *ng 

an oxidizing agent Control of the cham ^concentration of the 

ag5 „, (such . ozone, hydrogen perox.de, and/or oxyge* 

ox«ng ag«n, is > - ^ £ ^ ^ devicK , anomer 

OTb od,n,e„, of Ce present inventton pro.de, for >- ^ ^ 

mu „ip,e,ayers. ,t may be advantageous ,n is Led alongwith 

has multiple layers where an oxide (such as S.O, orS.C, * ^ 

. lw , diCec* Sim to - a : tKdvt or to .prove 
ab „ve or Mow the .ow « d.elec« ^ ^ ^ ^ „ ^ 

adhe s,o, According to the ^ ^ ^ ^ ^ ^ ^ f 

ins ,, 0 Cher d,ec„y above -or ^ ^ ^ ^ m 
^c^eris— w mUyeiofoxideor slli con 

as known in the art can be used. Second, th ( 0 occur which results in a 

vane d to cause subs.,. ^ ^ (o _ s „ bstaIlti a, 

SiO, or SiO, type ^ to de depos..^* « fc prKursOT 

to a higher plasma power density, by 

mult.layeredf.lm. "The mutt , he S iO layer can be formed directly below the 

asenuconductordev.ee. For example, the S.O) ^ K 61m being 

dtsireo l0 » K fUm to .mprov. the »dhes,o» propeK.es, w.th 
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i, *u<k cio 1 aver can be formed as the 
formed directly atop the SiO, layer. Alternately, the S.0 2 layer can 
formed Erectly p ^ ^ such 

top layer in a device to provide a protective layc , 
as chemical mechanical planarization or etching. 
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EXEERIMEHIAL 
The following examples are offered by way 


of illustration and not by way of 


30 


limitation. 

4 - siUcl lr in . P>-» r-or us.n g o^cy—™ 

OMCTS) and oxygen conned in a p,asma discharge gen.ra.cd a, a Mueno » 

was eiectncdny jv. M ; ve and placed into the deposition 

.nitrate holder with a vacuum compatible adhesive ana piac 

substrate holder wt ^ ^ ^ ^ c(mtains g 

r u am u er The deposiUon chamber was 5 inui«m 

~ tlip r h amber was evacuated, the UMt i d u 4 u 

■ . i,».rrm(slandardcubiccentimetersi«iminute). Alter ukubiv 

r hen ignited with 300 watts of power w,th .13.56 MH: power supply and fh 
L large was n— - appro*., 5 n-«, ~» ~ 
L was deposed o„ the surface of the wafer. The f,lm was deposed to , .tat*, 
film was oepos ■ „ii„„metrv to measure thickness, and using 

.um.nun, do, — » « ^ ^ ^ _ 

l oured fo, thenoa, wetgh, ,oss hy Heating a, 400C for , hour. The fthns 
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h b,,ed » loss of 2.0 weigh, %. The Btas subsequently • ' <*» 

exhibited a loss ui ^ & instance was 

f , hour at 425C and 1 hour at 450C. The weight loss ui each mstan 

thermal stability. 

"Till or -p-i-, - « ~ ta 

acc jli — — ° f «» ^ where 1118 t;: 

accordance wiiu « r-artnr used was identical 

. fhp nlasma conditions were changed. The reactor usea 
the precursors and the plasma conuiuu u nu ,. V er i n 

, -u a in Example 1 above and the same precursors were used, however, ,n 
, to that described in Example of 
this experiment the flow rate of oxygen was approximately 2.5 seem. 
^cTsTas the same at approximately 8 seem. The plasma condition s were : al 

^- supply and the plasma discharge was maintamed for app—ly 
ut s IreslLgSOOOA thick film was measured with a standard alummum dot 

capacitance test method ^ 
accordance wtth the invention were deposited on w^ ^ 

pr0C edure as outlmed above, - — L cquC nt cycles at 
400C for 1 hour. The films exhib.ted a loss of 0.3 we lg ht /o « 
n ^5C (for 1 hour) and 450C (for 1 hour) resulted in a wetght loss of 0.3 A and 
20 ^lelyU mating desirable .electnc constant and thermal stability. 

r'lL of experts, very low "-^ 

„T I Wucivdy coupled plasma source, was us*d . deposit a iow K lb. 

2000H (having an inductively coupic y nMrT c; was 

inch silicon wafer under the following conditions: vaponzed OMCTS 
° n " te reactor at a liouid flow rate of 0,00 ccm (measured at room 

^ Z^«JL~««" flow rate of 20 sc^. Theplasma 

30 temperature). Additionally, oxygen w 

source was operated at an RF input power of approximately 

source w< " " resu i t j ng pressure m the 

density of 1200 Watts/ft 3 ) at a frequency of 13.56 MHz. The g 
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re ac,o, was approx,ma,e.y « mTor, Films were depose under rwo different 
process times; approx.ma.ely 2 minu.es 45 seconds, and 6 m,n»,es 30 seconds. T* 
Ler process time yielded a film of approxhna,el y 5000A .hickness as measured by 
Cipsomcy. The dielechic conslan, of .his film was measured using the Hgprobe 
.echmoue a. 1 MHz, and found » be 2.97. The films were men measured for thermal 
stability by thermogenic analysis (TGA) for weigh, loss in a mtrogen 
envtaiment. The utter fibns (deposit a. »= .onger process time) -^>™£ 
loss of 3.65% when heated a„0C per minute from ambient .0 425C. men held a, 425C 
for ,40 minu,es, and then cooW back .0 ambien, temperate. Such result, ,nd,ca,e 
, desirable dielectric constant and thermal stability. 

Hg 3 illustrates the Fourier transform infrared absorption (FT1R) spectrum for 
a dielectric layer comprised of inorganic and orgamc materia* in accordance w,u, me 
presen, invention. As a reference. Fig. 4a is a taMe iUustiating FTIR peak ranges and 
Lr assignment according » the » Whiie mterpreuhon 
5 no. « «. science, the inventors believe that the absorption peaks depicted ,» FT* 
scans of films of tire present invention correspond to the structure shown m F.g. *. 

As shown in tire FTIR spectrum and with reference to F,gs. 4a and the 
interpretation in Fig.4b, tire film of tie presen. invention does no, exhibit appreciable 
carbon-carbon bonding. The Fim spec™, and F,gs. 4a and 4b further show *e 
IQ pre— presence of ti.e organcilicon backbone, with the Si-O-Si cychc stnicmre 

f proximately 1060-1080 cm ' with a shoulder at approximately 
at wave numbers of approximately iuov ,„„,-«,„•> 
,080 cm '■ and the Si-O-Si chain a, wave numbers of approximately 1020 -1060 cm , 
with a ma or peak a, 1026 cm '. M tills die organ, side g^nps M 

predominately at 1265 cm ' and 888 cm ' and are comprised of S.-CCHJ, and 
25 respectively. While uie FTIR spec«m for one example is shown, ,. shou, c 
Jerstood tha, tiie FTFR spectrum will va* and stil. fal, within tile .caching of <he 

present invention. . 

Thus an improved dielecttic film compnsed of an morganic/organic hybnd 

materia, having a ,ow didectric constant for use in semiconductors and integrated 

30 circuits hashed provided, inventive precursor chemrsh, and deposition m«hods have 

also been provided. The films exhibi, low d,e,ee<ric cons»,s ,n me range of 

a P prox,ma,e,y ,.5 ,o 4.0, high merma. subili.y, and are My manufacture w„h 
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rcUable device yields. rnnnect ion with specific 

While the invention has been desenbed in connection with sp 
k h nts h i. evident that many variations, substitutions, alternatives and 
m b7 lent to those silled in the art in light of the foregone 

^tr^ - — > — * — * 

Tvlons, substitutions, alternatives and modifications as fall within the spint of 

the appended claims. 
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We Claim: 

dielectric constant, ccprismg: md 


10 


3.0. 


15 


, • mm of claim 1 wherein said dielectric film is formed of 

multiple layers, where ai ic« 
and/or below said dielectric film. 

, nl pension al^ossl.n^a.nxofSi.aSi^p, 

5 ^ a** 6ta ore* , * — is fomKd 

20 ^^^e^aU^^^xofSi-N-Si^ 


6 


• rin, of claim 1 wherein the backbone structure is 
The dielectric film of claim 


comprised Si-O-Si groups and 


is formed by plasma chemical vapor deposmon. 


7 The dielectric film of claim 1 wherein the film is formed by plasma 

8 ^.electncfilmofclam.lwhereinthefilmisformedbychemical 

30 vapor deposition. 
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vapor deposmon us>ng organosilicon precursors. 


10 ^^a-or^i^^^^^ 

5 ■ fihn of claim 1 wherein the organic side groups do not 

11. The dielectric film of claim 

substantially exhibit C-C bonding. 

• , -film of claim 10 wherein the cyclic groups are comprised 
1 2 The dielectric film ot claim 

10 ofnngs, balls, cubes, or any combination thereof. 

• run of claim 10 wherein the ratio of the Si in the 
13. The dielectric film of claim ^toately 10:1 

. . i- ^ Qi O-Si eroups is in the range ui 
inorg anic chains to S. in the cyclic Si-0 Si gro p 

to 0.V.1- 


15 


20 


25 


. • fihn of claim 1 wherein said organic side groups are 
14 . The d.lectnc film of clam, ^.^CF, 

selected from the group consistmg -H. -CH 3 , F. C*. 

and CH 2 CF 3 

, • , „ f - r film 0 n a semiconductor or 
, c A method of fabricating a dielectnc film 

pr oviding a «leas.on«o, gm os ito np re cu re <.r ^ 
depestog W chemical vapor deposmon where s*d P 


30 


in nitrogen. 

16. The method of claim 15 wherein 
chemical vapor deposition. 


the step of depositing is by plasma 
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17 . The method of claim 15 wherein said d.electnc film has a dielectric 
constant less than 3.0 


10 


15 


20 


25 


, 8 . The dielectric film of chum 1 5 wherein the backbone structure is further 
comprised substantially of cyclic Si-O-Si groups and chains. 

! 9 The dktaftk film of clam, 1 5 where* the backbone structure is further 
compnsed substantially of cyclic Si-N-Si groups and inorganic cham, 

20 . The dielectric film of claim 18 wherem the cyclic groups are comprised 
of rings, balls, cubes, or any combination thereof. 

21 . The method of claim 15 wherem the precursor is a cychc organosilicon. 

22 The method of claim 15 wherein the precursor is selected form the group 
consisting of siloxanes, fluorosiloxanes, cyclosiloxanes, fluonne contammg 
cXloxanes, organelles, fiuo— , cychc organosilazanes, cyclo 
fluorosilazanes, and mixtures thereof. 

23 The dielectric film of chum 15 wherem said organic side groups are 
se ,ected from tnc group consisung -H, -CH 3 , -F. -CF 3 , ^ -QH,, -CF 2 CF 3 
and CHjCFj 

24. The method of claim 1 5 wherem the precursor has the formula of: 


R„Si(OSi) m X 

prccurco, . ...car or branched end; „ is 0 ,0 (2 m+ 4); « is 0 ,0 4. X 
1S SElt „ed tan ft. group consisting of H and ft. haiogens; and R is seized from ft* 
30 coring of agaric. o,e fi n,c and aroma„c Hyd— and aHpnauc, oietac 

and aromatic fluorocarbons. 
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25. 


10 


R^SiO^ X {lm . K) 


wh ere „ is 0 ,o 2m; m ts 3 to .0; X is sc.ec.cd form the group consistmg of H 

md «; - R , — - - - — 8 ° f - 1 

hydro carbons. and aliphatic, olefmic and aromatic fiuorocartons. 

The method of claim 1 5 wherem the precursor has the formula of: 


aromatic 


R,Si(NSi) 


where the precursor ,s Unear or branded; and n i. 0 to (3m + 4); m is 1 to 4 X 
where the prec halogens; and R is selected from the 

, m»a fnrm the eroup consisting of H and the naiogcni,, *. 

and aromatic fluorocarbons. 

27 . The method of Cam, 15 wl-em me precursor has the formula of: 


20 


30 


R^SiNL X (Jm . n) 


„here „ is 0 to 3m; m is 3 to 10; X is selected form the group consisting of H 
Md J ^1 and R is selected from - W -istrng of .iphatic, olefm.c and 
:l,c h y !Uons, and aliphatic, olefm,c and aromatic tluorocarhon, 

25 *u a nf claim 15 wherein the precursor is 

28. The method of claim i-> 

octamethylcyclotetrasiloxane. 

29 . The method of claim 15 wherein carbon to carbon bonding in sa,d 
organic side groups is minimized. 


30. The 


method of claim 15 further comprising the step of: 
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providing oxygen gas mixed with said precursor. 


31 


The method of clann 15 further comprising thestepof: 

chelectric film to form a film having multiple layers. 

32 A.ethodofdepositingalowKdielectricfUmonasen.conducto^ or 
integr ated circuit by plasma chemical vapor deposit comprising the steps of: 
rationing the substrate within said process chamber; 

applying power into said plasma chamber to generate a plasma; 

<,id dielectric film on the surface of the substrate, said dielectnc 
depositing said dielectric nun « c;.o-Si 

groups and organic gr P ^ ^ ^ rf ^ ^ 

film having a dielectric constant of less tnan 
2% per hour at 400C in nitrogen. 

33. The method of claim 32 
constant less than 3.0. 

34 Themethodofclaim32 further comp^ng ^^^T 
said pl l under plasma conditions whereby the structure of the dielectnc film 
retains in part, the structure of the precursor. 


wherein said dielectnc film has a dielectric 


35. 


The method of claim 32 


wherein the precursor is a cyclic organosilicon. 


30 


36 ^n.eWofc^^wheretaO.ep^is^edta.h^up 

„f aloxanes fluoroses, cyclones, fluorine — g 
consl « of S . o- ^ ^.^^.cOofluorosi^es 

cyclosiloxanes, organosilazanes, ^ 

and mixtures thereof. 
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37 . The method of chum 32 wherein the precursor has the formula of:. 

^(SiO^X^.,) 

where „,sO,o2nv,mis3,o Mi*****"*'*'""** 1 ** 
* hydrocarbons, and aliphauc, olefinic and arotna.,c fruorocarbons. 


10 


25 


aromatic 


30 


38 . The method of claim 32 wherein the precursor has the formula of: 


R^SiNXn X (JOHI) 


where n is 0 ,o 3m; m is 3 to !0; X is selected fonn the ^up consisting of H 
.d.eha^^dRiaseiectedn.m^e^ — ofaHphac.lenmcand 

15 ^atic hydrocarbons, and aliphatic, o.ennic and agnatic fluorocarbons. 

39 . The method of claim 32 wherein the precursor is 
octamethyicyclotettasiloxane. 

40 The method of claim 32 wherein said plasma chamber includes a plasma 
20 40 - inemcu _ . nrecursor to said plasma at 

source and the exposmg further comprismg exposmg the precursor 

a power dentin the range of 200 to 20,000 W/ft\ 

41 The method of claim 32 further comprising the step of: 
dielectric film to form a film having multiple layers. 

«. The method of claim 32 wherem carbon to carbon bonding in said 
organic side groups is minimized. 

43 The method of claim 32 further comprising the step of: 
providing oxygen gas m.xed with said organosihcon precursor. 
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44. The method of claim 32 further compris.ng the step of: 
introducing a diluent gas into said reactor 

5 45. The method of claim 32 further comprising the step of: 

introducing helium into said reactor. 

46 The dtelectnc film of clatm 32 wherein the ratio of the Si in the 
.orgaruc ch»ns to Si in - cychc *** - - <* — of apP— 10: 

10 to 0.1:1. 

4V The method of clatm 32 wherem said dielectric film has a backbone 
suture comprised substantial* of cyclic and hnear S.-N-S* groups and organ, stde 
groups attached to said backbone structure. 


15 


20 


25 


48 . The method of claim 32 wherein me cyclic groups are comprised of 
rings, balls, cubes, or any combination thereof. 

49 The method of clatm 32 where the organosilicon P«— 
sito aneselectedr*m*e^upconsisun g o^ 

"u, ^^^^^^ nu ° nnc 

confining cyclosiloxanes, and combinations thereof. 

50 The method of claim .5 where the organosilicon P« ° ^ 
sito ne selected from the vm — « ° f: ocumeutylcyclote^iloxane (OMCTS, 
Methyl cycle tnsiloxane, b» ° M ^ ^ 

containing cyclosiloxanes. and combinations thereof. 
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Structure 


Resonance Mode 


Si-Q-Si Ring 
Si-O-Si Chain 


Si-0 Stretch 


Si-0 Stretch; C-0 
Stretch 
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